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- OPEGIFIGATION V 
A PRESSURE WAVEFORM SETTING METHOD FOR INJECTION 
aJjkPRE S SURE CONTROL AND AN INJFCTTON MOT /O TNG MACHINE 

The present invention relates to an injection 
molding machine capable of providing feedback control 
of an injection pressure for making it equal to a 
target injection pressure in the injection and dwell 
stages, more particularly, to a method for setting 
waveform of an injection pressure to be used in setting 
a target value and an injection molding machine for 



Generally, according to a conventional injection 
molding machine, the injection speed is set in 
accordance with the advanced position of a screw, and 
the advancing speed of the screw is controlled to be 
made equal to the set injection speed, in an injection 
stage. In a dwell stage, the machine is controlled so 
that a set dwell pressure is applied to a resin. 

In actual molding operation, however, the 
propriety of the injection pressure influences the 
conformity of molded articles much more greatly than 
that of the injection speed. It is desirable, 
therefore, that the injection pressure should be 
feedback— control led during the injection and dwell 
stages. The inventor hereof proposed a control system 
in which a pressure sensor is mounted on a screw shaft, 
and the dwell pressure is feedback-controlled by 
detecting a pressure of the resin acting on the screw 
shaft. This is disclosed in Published Unexamined 
Japanese Patent Application No. 62-218118. However, 
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the system disclosed in this published application is 
associated with pressure control for the dwell stage 
only. 

Disclosed in Published Examined Japanese Patent 
5 Application No. 58-52486, is a hydraul ical ly-operated 

injection molding machine in which the in-mold pressure 
is detected by means of a pressure sensor provided in a 
resin passage of a mold, and is feedback-controlled to 
be made equal to a set pressure. In this case, the in— 
10 mold pressure is detected, so that the pressure of the 

resin during injection cannot be detected. Thus, the 
pressure acting on the resin cannot be accurately 
detected . 

Thus, the inventor developed an injection molding 

15 machine in which a pressure sensor is mounted on a 

screw shaft so that not only the pressure applied to a 
resin during an injection/dwell stage can be detected 
but also the change of the pressure acting on the resin 
during the injection/dwell stage is optionally set as 

20 an injection pressure waveform based on a function of 

time, and the injection pressure is feedback-controlled 
so that an actual injection pressure waveform detected 
by means of the pressure sensor coincides with the set 
injection pressure waveform, and the inventor has filed 

25 an application for a patent in Japan. This application 

is published as Published Unexamined Japanese Patent 
Application No. 3-58821. 

In this injection molding machine for feedback- 
controlling inject ion/dwel 1 pressure, described in 

30 Published Unexamined Japanese Patent Application No. 3— 

58821, the injection pressure waveform as a target 
value can be set optionally. It is impossible, 
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however, to set an existing injection pressure waveform 
or a modified injection pressure waveform obtained by 
modifying the existing injection pressure waveform as a 
base. Thus, the injection pressure waveform must 
always be set from the beginning. 

Some of similar molds are designed so that an 
injection pressure waveform suited for one mold can be 
obtained by partially modifying an injection pressure 
waveform set for another. The injection pressure 
waveform can be set very easily if the injection 
pressure waveform of the one mold can be set by 
referring to and partially modifying the injection 
pressure waveform set for the other mold. If no 
conforming molded article can be obtained by trial 
injection executed after the feedback control of the 
injection/dwell pressure based on the once set 
injection pressure waveform, the injection pressure 
waveform should be set again. Setting the injection 
pressure waveform again from the beginning in such a 
case, is a waste of time and labor, and so it is 
desirable to modify the previously set injection 
pressure waveform so that the modified injection 
pressure waveform can be set. 

Further, when the trial injection is executed 
after the injection pressure waveform is set, the set 
injection pressure waveform may undergo a sudden change 
such that the injection molding machine cannot follow 
the change, thus entailing ^a substantial difference 
between the actual injection pressure waveform and the 
set injection pressure waveform, or a conforming molded 
article may not be able to be obtained. In such a 
case, setting of the injection pressure waveform can be 
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facilitated by modifying part of the actual injection 
pressure waveform with reference to this actual 
injection pressure waveform so that the modified 
version can be set as the injection pressure waveform. 
Also, it is desirable that the actual injection 
pressure waveform observed when the conforming molded 
article is obtained should be able to be set directly 



An object of the present invention is to provide a 
method and an injection molding machine for setting, 
directly or in a modified form, an actual injection 
pressure waveform, obtained in the process of adjusting 
molding conditions, as a target injection pressure 
waveform for injection pressure feedback control. 

Another object of the present invention is to 
provide a setting method and an injection molding 
machine for partially modifying an injection pressure 
waveform as a base and setting this modified injection 
pressure waveform as an injection pressure waveform for 
use as a target value for feedback control. 

In order to achieve the first object described 
above, according to the present invention, molding 
conditions are adjusted; a pressure acting on a resin 
during an injection/dwell stage when a conforming 
molded article is obtained is detected as an injection 
pressure waveform based on a function of time; and the 
detected injection pressure waveform is set as a target 
injection pressure waveform for pressure feedback 
control in the injection/dwell stage. Preferably, 
trial injection is executed with an injection pressure 
switching screw position and an injection speed set as 




as the 




molding conditions for the injection/dwell stage in an 
injection speed control section, and with a dwell 
pressure and a dwell time, along with other molding 
conditions, set in a dwell section; the trial injection 
is executed modifying the molding conditions until the 
conforming molded article can be obtained, or, in the 
middle of this operation, an actual injection pressure 
waveform detected based on the pressure acting on the 
resin during the injection/dwell stage as the function 
of time is set as the target injection pressure 
waveform for pressure feedback control in the 
injection/dwell stage; the set injection pressure 
waveform is modified; trial injection is executed 
through pressure feedback control of the 
injection/ dwel 1 stage; and the molding conditions and 
the target injection pressure waveform are modified 
until the conforming molded article can be obtained. 

Further, in order to achieve the above method, an 
injection molding machine according to the present 
invention comprises a storage means for storing a 
pressure on a resin detected for each predetermined 
time interval during an injection/dwell stage, a 
display control means for causing an actual injection 
pressure waveform stored in the storage means to be 
displayed on a screen of a display device in response 
to an injection pressure waveform modification command, 
an injection pressure waveform changing means for 
assigning two points in the injection pressure waveform 
displayed on the display means, changing the injection 
pressure waveform between the two points into a 
straight line connecting the two points to draw a 
straight line, assigning two points in the injection 
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pressure waveform as a starting point and an end point 
individually, assigning one point between the two 
point, changing the injection pressure waveform between 
the starting and end points into a curve connecting the 
three points in a circular arc to draw a curve, and an 
injection pressure waveform setting means for reading 
an injection pressure for each predetermined time 
interval from the injection pressure waveform drawn on 
the screen of the display device and storing the set 
injection pressure waveform storage means with the read 
injection pressure as set injection pressure waveform 
data . 

In order to achieve the second object described 
above, according to the present invention, a set 
injection pressure waveform observed when a conforming 
molded article is obtained, or an injection pressure 
waveform obtained by detecting a pressure acting on a 
resin during an injection/dwell stage as a function of 
time is previously stored for each mold; the injection 
pressure waveform of a new mold similar to the mold, 
whose injection pressure waveform has been stored, is 
invoked and displayed on a display device when the 
similar mold is used for molding; two points in the 
displayed injection pressure waveform is assigned; the 
injection pressure waveform between the two points is 
changed into a straight line by connecting the two 
points to draw the straight line; two points in the 
injection pressure waveform are assigned as a starting 
point and an end point individually; one point between 
the two point is assigned; the injection pressure 
waveform between the starting and end points is changed 
into a curve by connecting the three points in a 
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circular arc to draw the curve; and an injection 
pressure for each predetermined time interval is read 
from the modified injection pressure waveform and set 
as the set injection pressure waveform. Further, in 
order to achieve this method, an injection molding 
machine according to the present invention comprises a 
storage means for storing and retaining the injection 
pressure waveforms, a display control means for causing 
an injection pressure waveform selected among the 
injection pressure waveforms stored in the storage 
means to be displayed on a screen of a display device, 
an injection pressure waveform changing means for 
assigning two points in the injection pressure waveform 
displayed on the display means, changing the injection 
pressure waveform between the two points into a 
straight line connecting the two points to draw the 
straight line, assigning two points in the injection 
pressure waveform as a starting point and an end point 
individually, assigning one point between the two 
point, changing the injection pressure waveform between 
the starting and end points into a curve by connecting 
the three points in a circular arc to draw the curve, 
and injection pressure waveform setting means for 
reading an injection pressure for each predetermined 
time interval from the injection pressure waveform 
drawn on the screen of the display device and storing 
the set injection pressure waveform storage means with 
the read injection pressure as set injection pressure 
waveform data. 

According to the present invention, as described 
above, the injection pressure waveform observed when 
the conforming molded article is obtained can be set as 
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the final target injection pressure waveform, since the 
present invention enables the the actual injection 
pressure waveform detected when the conforming molded 
article is obtained or the actual injection pressure 
5 waveform obtained by the trial injection to be set as 

the target injection pressure waveform for the 
injection pressure feedback control. Further, it is 
possible to set the injection pressure waveform by 
modifying the previously retained injection pressure 

10 waveform or the actual injection pressure waveform for 

the feedback control of the injection pressure by 
adjusting the pressure waveform to a target value, so 
that the injection pressure waveform can be set easily. 
In the case of a mold whose shape of cavity is similar 

15 to that of other mold, in particular, the injection 

pressure waveform can easily be set by using the 
previously set injection pressure waveform of the 
similar mold as a base and modifying the same. If no 
conforming molded article can be obtained by the set 

20 injection pressure waveform, the injection pressure 

waveform can easily be modified based on the injection 
pressure waveform set at the time of that injection or 
the injection pressure waveform actually observed at 
the time of the injection, so that conditioning of 

25 operation can be made easily. 

Brief Description of the Drawings 
Fig. 1 is a block diagram showing the principal 
part of a motor— operated injection molding machine 
according to one embodiment of the present invention; 

30 Fig. 2 is a flow chart showing an injection/dwell 

feedback process according to the embodiment; 

Fig. 3 is a flow chart showing an injection 
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pressure waveform modification process carried out 
according to the embodiment; 

Fig. 4 is a diagram illustrating a display picture 
of a CRT/MDI used in setting and modifying an injection 
pressure waveform according to the embodiment: and 

Fig. 5 is a diagram for illustrating an injection 

, . Pressure^or^^ 

^ ^Be&t Mode of ea r TVlliK Out the Invention ** 

Referring to Fig. 1, an injection molding machine 
according to one embodiment of the present invention is 
a motor-operated injection molding machine which 
executes operations for various stages, including 
metering, mold clamping, injection, etc., by using an 
electric motor. A screw 1 is driven by means of an 
injection servomotor 2 with the aid of a transmission 
mechanism 3, and moves in the axial direction of the 
screw. A pressure sensor 4, which is formed of a wire 
resistance strain gauge or the like, is mounted on the 
shaft of the screw 1. The pressure sensor 4 detects 
resin pressure by detecting an axial pressure from 
resin acting on the screw 1. Further, the servomotor 2 
is fitted with a pulse coder 5 which outputs a 
predetermined number of detection pulses in accordance 
with a rotational angle. 

A numerical control device (hereinafter referred 
to as NC device) 100 for controlling the injection 
molding machine comprises a microprocessor (hereinafter 
referred to as CPU) 109 for NC and a CPU 111 for a 
programmable machine controller (hereinafter referred 
to as PMC) . The PMCCPU 111 is connected with bus to a 
ROM 114, which, for example, is stored with sequence 
programs for controlling the sequence operation of the 



• # 



- 10 - 



injection molding machine, a RAM 106 for storing a 
detected injection pressure during an inj ection/dwel 1 
stage, and a RAM 107 for temporary storage of data. 
The NCCPU 109 is connected to a ROM 112, which is 
5 stored with management programs for generally 

controlling the injection molding machine, and is also 
connected, through a servo interface 108, to a servo 
circuit for operatively controlling servomotors for 
various axes such as those for injection, clamping, 

10 screw rotation, ejector operation, etc. 

Fig. 1 shows only the injection servomotor 2 and a 
servo circuit 200 of the servomotor 2. 

A nonvolatile common RAM 102, which is composed of 
a bubble memory or CMOS memory, includes a memory 

15 section for storing NC programs and the like for 

controlling various operations of the injection molding 
machine, and a set memory section for storing various 
set values, parameters, macro variables, etc. The set 
memory section is provided with an injection pressure 

20 storage table (see Fig. 5) as a set injection pressure 

storage means for storing an injection pressure set on 
the basis of a function of the time elapsed after the 
start of injection. Further, the common RAM 102 
includes a memory section or mold file for storing and 

25 retaining, for each mold, various molding conditions 

set in the set memory section and the injection 
pressure stored in the injection pressure storage 
table . 

A bus arbiter controller 110 (hereinafter referred 
30 to as BAC) is connected with the respective buses of 

the NCCPU 109, the PMCCPU 111, the common RAM 102, an 
input circuit 103, and an output circuit 104, and the 
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buses used are controlled by means of the BAC 110. 
Further, a manual data input device with CRT display 
unit 115 (hereinafter referred to as CRT/MDI) is 
connected to the BAC 110 through an operator panel 
controller 113 (hereinafter referred to as OPC) . A 
keyboard section of the CRT/MDI 115 is provided with 
ten-keys, cursor shift keys, input command keys, etc. 
(not shown), and a plurality of soft keys 116a to 116e 
(see Fig. 4) are arranged at the lower portion of a 
screen of a CRT display section 115a which constitutes 
part of the CRT/MDI 115. Various commands and set data 
can be inputted by operating these keys. The NCCPU 109 
is connected with bus to a RAM 101 used for temporary 
storage of data and the like. 

Fig. 1 shows those elements which are associated 
with the injection axis of the injection molding 
machine, that is, the injection servomotor 2 for 
driving the screw 1 for injection and the pulse coder 5 
for detecting the screw position and speed as the 
servomotor 2 rotates. The other axes such as the 
clamping axis, screw rotation axis, ejector axis, etc. 
are omitted in Fig. 1. Thus, only the servo circuit 
200 for the injection servomotor is illustrated, and 
the servo circuits for the other axes are omitted. 

The servo circuit 200 comprises an error register 
201, D/A converter 202, F/V converter 203, difference 
amplifiers 204 and 206, torque limit circuit 205, and 
power amplifier 207. The error register 201 adds a 
position command, which is the distributed pulses for 
each predetermined cycle delivered from the NCCPU 109 
through the servo interface 108, subtracts pulses, 
which is delivered from the pulse coder 5 as the 
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injection servomotor 2 rotates, and delivers the 
present positional deviation corresponding to the 
command position of the injection servomotor 2. The 
D/A converter 202 performs D/A conversion of the output 
5 of the error register 201, and delivers the converted 

output as a speed command voltage. The difference 
amplifier 204 subtracts the output of the pulse coder 
5, converted from frequency to voltage by means of the 
F/V converter 203, from the speed command voltage 

10 delivered from the D/A converter 202 to obtain the 

speed deviation of the injection servomotor 2, and 
outputs a voltage (hereinafter referred to as torque 
command voltage) as a torque command. With a normally- 
closed contact a of a changeover switch 6 closed, the 

15 torque limit circuit 205 restricts the torque command 

voltage from the difference amplifier 204 to a torque 
limit value delivered from the PMCCPU 111 of the NC 
device 100 through the output circuit 104 and a D/A 
converter 7. With a normally— closed contact a of a 

20 changeover switch 8 closed, on the other hand, the 

difference amplifier 206 subtracts a voltage 
corresponding to a driving current of the injection 
servomotor 2, detected by means of a current detector 
208, from the torque command voltage adjusted by means 

25 of the torque limit circuit 205, and amplifies and 

delivers the resulting deviation to the power amplifier 
207. The power amplifier 207 further amplifies the 
deviation, and controls the position, speed, and torque 
of the injection servomotor 2. 

30 The changeover switches 6 and 8 are simultaneously 

shifted by relay means 9, which is controlled through 
the output circuit 104 by the PMCCPU 111 of the NC 
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device 100. Normally, the normally-closed contact a of 
each switch is closed. When each of the switches 6 and 
8 is shifted to the side of the normally-closed contact 

a, as mentioned before, the torque limit value is 

5 applied to the torque limit circuit 205 through the D/A 

converter 7 and the contact a of the switch 6, and the 
output of the torque limit circuit 205 is applied to 
the difference amplifier 206 through the contact a of 
the switch 8. When the relay means 9 is activated to 
10 shift the switches 6 and 8 to the side of its contact 

b, a torque command voltage corresponding to a set 
injection pressure (value stored in the injection 
pressure storage table), delivered from the output 
circuit 104 of the NC device 100 through the D/A 

15 converter 7, is applied to one terminal of a comparator 

11 through the contact b of the switch 6. Further, the 
output of the comparator 11 is applied to the 
difference amplifier 206 through the contact b of the 
switch 8. 

20 The output of the pressure sensor 4 attached to 

the screw 1 is amplified by means of an amplifier 10 to 
be matched with a voltage corresponding to the present 
injection/dwell pressure, and connected to the other 
input terminal of the comparator 11. As a result, the 

25 comparator 11, with the respective contacts b of the 

switches 6 and 8 closed, obtains the difference between 
the set injection pressure, inputted through the D/A 
converter 7, and the present injection pressure, and 
delivers this difference as the torque command voltage 

30 to the difference amplifier 206. Thus, a closed loop 

of the injection servomotor 2 for the injection 
pressure is formed. Further, the output of the 
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amplifier 10 is applied to an A/D converter 12, whereas 
the output of the A/D converter 12 is applied to the 
RAM 106. After the injection is started through the 
output circuit 104, detected injection pressures are 
5 loaded in succession into addresses of the RAM 106 

assigned by means of an address generator 105, which 
successively assigns the addresses from No. 0 with 
every predetermined cycle. 

The detection pulses delivered from the pulse 

10 coder 5 are also applied to the servo interface 108, 

and the numerical control device 100 detects the 
absolute position of the screw 1 through the servo 
interface 108. 

In the arrangement described above, the NC device 

15 100 normally controls the injection molding machine in 

a manner such that the NCCPU 109 distributes pulses to 
the servo circuits for the individual axes of the 
injection molding machine through the servo interface 
108, while the PMCCPU 111 performs sequence control 

20 operation, in accordance with the NC programs for 

controlling the various operations of the injection 
molding machine stored in the common RAM 102, the 
parameters such as the various molding conditions 
stored in the set memory section, and the sequence 

25 programs stored in the ROM 114. 

Thereupon, there will first be described an 
operation for storing the numerical control device 100 
with an injection pressure waveform, as the function of 
the time elapsed after the start of injection, to be 

30 used as a reference injection pressure waveform for 

pressure feedback control. 

There are two methods for setting the injection 
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pressure waveform. According to a first method, the 
injection pressure waveform as the function of the time 
elapsed after the start of injection is set and stored 
in the numerical control device 100. According to a 
5 second method, as in the conventional case, the 

injection speed switching position and injection speed 
are set in an injection stage, whereas the dwell 
pressure and dwell time are set in a dwell stage, and 
the other molding conditions are also set. In this 

10 method, the actual injection pressure waveform is set 

as a set injection pressure waveform so that the set 
injection pressure waveform and molding conditions can 
be modified until conforming molded article is obtained 
by trial injection, or during the process of obtaining 

15 conforming molded article, and the actual injection 

pressure waveform observed when the conforming molded 
article is obtained is set as the final set injection 
pressure waveform . 

The first embodiment of the method will be 

20 described first. 

An operator first operates the CRT/MDI 115 to 
select an injection pressure waveform setting mode, 
thereby causing an injection pressure setting picture 
to be displayed. A time base indicative of the time 

25 elapsed after the start of injection, a pressure base 

indicative of the injection pressure, and a guidance 
for the functions of the soft keys are displayed on the 
CRT display section 115a (see Fig. 4). In this case, 
the soft key 116a serves as a straight interpolation 

30 command key, whereas the soft keys 116b and 116c as an 

arcuate interpolation command key and a setting end key 
respectively . 
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If the function of the injection pressure to be 
set is one such as that indicated by solid line in 
Fig. 4, the operator first operates the soft key 116b 
to indicate that the functional portion to be set is 
5 arcuate, then moves a cursor on the display screen to a 

point PI by the cursor shift keys at the keyboard 
section of the CRT/MDI 115, and operates the input 
command keys to select the point PI as a first point 
for arcuate interpolation. Subsequently, if points P2 

10 and P3 are selected as second and third points 

respectively for the arcuate interpolation, a circular 
arc P1P3 connecting these three points is automatically 
drawn by an arcuate interpolation process. Then, 
points P3 , P4 and P5 are selected to draw a circular 

15 arc P3P5, and further points P5, P6 and P7 are selected 

to draw a circular arc P5P7, in the same manner as that 
of the aforementioned case. Then, the soft key 116a is 
operated to indicate that the functional portion to be 
set is a straight line, then the cursor on the display 

20 screen is moved to the point P7, and the input command 

keys are operated to select the point P7 as a starting 
point for straight interpolation. Subsequently, if a 
point P8 is selected as an end point for the straight 
interpolation, a segment P7P8 connecting the starting 

25 point P7 and the end point P8 is automatically drawn. 

Then, points P8 and P9 are selected to draw a segment 
P8P9 , and points P9 and P10 are selected to draw a 
segment P9P10, in the same manner as that of the 
aforementioned case . 

30 According to the present embodiment, numerical 

data for the time and injection pressure corresponding 
to the cursor position are displayed on a numerical 
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data display portion 117 of the CRT display section 
115a, so that the set injection pressure can be set 
accurately. 

After the set injection pressure is thus 
5 graphically set as the function of the time elapsed 

after the start of injection, the ending end key 116c 
for setting is operated to store this function in the 
injection pressure storage table (see Fig. 5) in the 
common RAM 102. 

10 The injection pressure storage table is used to 

store the set injection pressure, given by the 
graphically set function, correspondingly to the time 
elapsed after the start of injection. The table 
contains N number of storage records corresponding to a 

15 value obtained by dividing the full scale Tmax . of the 

time base displayed in the injection pressure setting 
picture by a unit time T. Thus, a storage record of 
the address 0 in the injection pressure storage table 
is stored with a set injection pressure pO obtained 

20 immediately after the start of injection, that is, 

after the passage of time 0, in accordance with the 
function as described above. Thereafter, the storage 
record of each address i is stored in order with a set 
injection pressure pi corresponding to the time elapsed 

25 after the start of injection at predetermined intervals 

based on the unit time t . 

The end point of the function defined by the graph 
of Fig. 4 showing the set injection pressure is the 
point P10. In the injection pressure storage table, 

30 the elapsed time n- r corresponding to the time for 

the point P10, that is, the storage record of an 
address n, is stored with a set injection pressure pn 
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for the time of completion of dwell, and the set 
injection pressure is undefined in the address for the 
point of time (n + 1) • T after the start of injection 
and the addresses subsequent thereto. The final 
5 address n is stored in a register, and utilized for the 

process mentioned later. 

After the injection pressure waveform is thus set 
in the injection pressure storage table, trial 
injection is executed. The PMCCPU 111 sequentially 

10 controls the mold clamping stage, injection/dwell 

stage, metering stage, cooling stage, and mold opening 
stage in the same manner as in the conventional case. 
In performing the trial injection in this injection 
pressure waveform setting mode, the PMCCPU 109 drives 

15 the relay means 9 through the BAC 110 and the output 

circuit 104 to shift the switches 6 and 8 to the side 
of the contact b, to start the feedback control of the 
injection/dwell pressure, when the injection stage is 
started after the mold clamping stage is finished. 

20 Referring to Fig. 2, a process for this feedback 

control of the inject ion/ dwel 1 pressure will be 
described . 

The injection/ dwell control process shown in the 
flow chart of Fig. 2 is executed in the predetermined 

25 cycle equal to the aforesaid unit time r. The PMCCPU 

111 first determines whether or not a flag F for 
storing the in— process state of the injection/dwell 
stage is set (Step SI). If the flag F is not set, it 
is then determined whether or not the injection is 

30 being carried out (Step S2). This determination is 

made on the basis of whether or not an injection/dwell 
stage flag to be set in the common RAM 102 by means of 
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the PMCCPU 111 is previously set, when the 

injection/dwell process is started. 

If the injection is not being carried out, it can 

be concluded that the injection/dwell stage is not 
5 being executed, so that another process is executed in 

accordance with the result of discrimination of a stage 

discrimination process . 

If it is confirmed in Step SI that the flag F is 

not set, and in Step S2 that the injection/dwell stage 
10 flag is set, it can be concluded that the pulse 

distribution by the NCCPU 109 for mold clamping is 

completed to be ready for the start of injection. 

Accordingly, the PMCCPU 111 sets the flag F for storing 

the in— process state of the injection/dwell stage (Step 
15 S3) , drives the relay means 9 to shift the switches 6 

and 8 to the side of the contact b, thereby starting 

the feedback control of the injection/dwell pressure 

(Step S4) . 

Then, an index i is set to 0 (Step S5), and the 
20 set injection pressure pi of the address designated by 

the index i is read from the injection pressure storage 
table of the common RAM 102, and delivered to the 
output circuit 104 (Step S6) . 

After having been converted into a voltage by the 
25 D/A converter 7, the set injection pressure pi is 

applied to the comparator 11 through the contact b of 
the changeover switch 6, and compared with the voltage 
corresponding to the present detected pressure, which 
has been detected by the pressure sensor 4 and 
30 amplified by the amplifier 10. The resulting 

difference is applied directly as the torque command 
voltage to the difference amplifier 206 of the servo 
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circuit 200 via the contact b of the changeover switch 
8, and is further amplified by the power amplifier 207. 
Then, the driving force of the injection servomotor 2 
is feedback-controlled to make the present detected 
5 pressure equal to the set injection pressure pi. 

On the other hand, after outputting the set 
injection pressure pi, the PMCCPU 111 increments the 
value of the index i (Step S7) , and determines whether 
or not the value of the index i exceeds the value n 

10 stored in the register, that is, whether or not a 

torque control process for the last set injection 
pressure defined in the injection pressure storage 
table is completed (Step S8) . If the torque control 
process in the injection/ dwell stage is not completed 

15 (i ^ n), the process for this cycle ends. 

Since the flag F is previously set in the next 
cycle, that is, in the torque control process after the 
passage of the unit time T, the program proceeds to 
Step S6 after the discrimination process of Step SI is 

20 executed. Thereupon, the set injection pressure pi of 

the address i in the injection pressure storage table 
is delivered to the output circuit 104 in accordance 
with the value of the index i incremented in Step S7 of 
the preceding cycle, and the driving force of the 

25 injection servomotor 2 is feedback-controlled by the 

hardware comprising the pressure sensor 4, comparator 
11, servo circuit 200, etc. to make the present 
detected pressure equal to the set injection pressure 
pi. The value of the index i is incremented (Step S7) , 

30 and it is determined whether or not the value of the 

index i exceeds n (Step S8) . If i ^ n , the process 
for this cycle ends. 
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Thereafter, the processes of Step SI and S6 to S8 
are repeatedly executed for each predetermined cycle or 
unit time T in the same manner as aforesaid until it 
is concluded in Step S8 that i is i > n. 
5 Thus, the injection servomotor 2 is continually 

feedback— control led so that the present detected 
pressure becomes equal to the set injection pressure pi 
of the address i in the injection pressure storage 
table, depending upon the elapsed time i * t after the 

10 start of injection based on the unit time t . Since 

the switching cycle T of the set injection pressure pi 
is limited, a pressure curve for the actual 
injection/dwell stage is controlled substantially in 
the same manner as the function (see Fig. 4) set 

15 through the injection pressure setting picture. 

If it is discriminated in Step S8 that i > n, 
while the torque control process is repeatedly executed 
in this manner, this means that the torque control 
process for the last set injection pressure defined in 

20 the injection pressure storage table is completed, or 

that the dwell stage is completed. Then, the PMCCPU 
109 proceeds to Step S9 and drives the relay means 9 to 
restore the changeover switches 6 and 8 to the side of 
the contact a, whereupon the feedback control for the 

25 injection/dwell pressure of the injection servomotor 2 

is finished. Thereafter, the flag F for storing the 
in-process state of the injection/dwell stage is reset 
(Step S10) , and a flag indicative of the readiness for 
the start of metering is set (Step Sll), whereupon all 

30 the processes associated with the injection/dwell stage 

are finished. In the metering stage, therefore, the 
position, speed, and torque are normally controlled by 
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the servo circuit 200 in accordance with the 
conventional method, that is, the pulse distribution by 
(j^ the NCCPU Jt&y^by the position command. 

When the injection is started, the PMCCPU 111 
5 drives the address generator 105 through the output 

circuit 104, and the address generator 105 successively 
assigns the addresses of the RAM 106 from 0, whereupon 
the actual injection pressure waveform data, detected 
by the pressure sensor 4 and converted into the digital 

10 value by the A/D converter 12, is stored in the RAM 106 

in the cycle equal to the unit time T. 

If the molded article obtained is not a conforming 
one, the set injection pressure waveform has to be 
modified. A modification process for the injection 

15 pressure waveform, which constitutes a feature of the 

present invention, will be described later. If a 
conforming molded article is obtained, the PMCCPU 111, 
in response to a molding condition retention command, 
loads the various molding conditions for that time and 

20 the injection pressure waveform stored in the injection 

pressure storage table, along with a mold code, into 
the mold file of the common RAM 102. 

The following is a description of the second 
embodiment of the method. 

25 According to the second method, the operator first 

operates the CRT/MDI 115 to select an injection 
speed/dwell pressure setting mode to have an injection 
speed/dwell pressure setting picture displayed on the 
CRT screen, sets the injection speed switching position 

30 and injection speed in the injection stage, and sets 

the dwell pressure and dwell time in the dwell stage, 
as in the conventional method. Also, other molding 



# # 
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conditions are set. Then, trial injection is executed 
under these set molding conditions. The PMCCPU 111 
sequentially controls the mold clamping stage, 
injection/dwell stage, metering stage, cooling stage, 
5 and mold opening stage in the same manner as in the 

conventional method. On the other hand, the NCCPU 109 
controls the individual stages in accordance with the 
NC programs stored in the common RAM 102 and the set 
molding conditions. When the injection stage is 

10 entered, the NCCPU 109 performs injection speed control 

such that the injection speed is switched to the set 
level every time the set injection speed switching 
position is reached by the screw position. When the 
dwell stage is entered, the resin is held under the set 

15 dwell pressure for a set time. 

When the injection is started, on the other hand, 
the PMCCPU 111 drives the address generator 105 through 
the output circuit 104, and the address generator 105 
successively assigns the addresses of the RAM 106 from 

20 0, whereupon the actual injection pressure waveform 

data, detected by the pressure sensor 4 and converted 
into the digital value by the A/D converter 12, is 
stored in the RAM 106. 

If no conforming molded article is obtained by the 

25 trial injection, the molding conditions are modified, 

and the trial injection is repeated. If a conforming 
molded article is obtained in this manner, the operator 
inputs an injection pressure waveform setting command 
through the CRT/MDI 115. In response to this command 

30 input, the PMCCPU 111 transfers the actual injection 

pressure waveform data, stored in the RAM 106, to the 
injection pressure storage table in the common RAM 102, 
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and stores the injection pressure storage table with 
the injection pressure waveform data correspondingly to 
the addresses beginning from 0 and on. 

In the process of obtaining the conforming molded 
5 article, the actual injection pressure waveform is 

invoked on the CRT screen to modify the injection 
pressure waveform as is mentioned later, and trial 
injection based on pressure feedback control is 
executed using the modified injection pressure waveform 
10 as the set injection pressure waveform. The injection 

pressure waveform and the molding conditions are 
modified until the conforming molded article can be 
obtained . 

The following is a description of the modification 

15 process for the injection pressure waveform, which 

constitutes a feature of the present invention. 

If no conforming molded article can be obtained 
when the injection pressure waveform for a new mold is 
set by the first method, the set injection pressure 

20 waveform should be modified. In such a case, the new 

mold may resemble the mold whose injection pressure 
waveform is previously retained, if so, the injection 
pressure waveform sometimes can be set by partially 
modifying the previously retained injection pressure 

25 waveform. Also, it is sometimes necessary to modify 

the actual injection pressure waveform stored in the 
RAM 106 in the process for obtaining the conforming 
molded article by the second method so that the 
modified i^j^egtion pressure waveform can be used as the 

30 set^4-*2£e^£Xe*i pressure waveform, without modifying the 

injection pressure waveform stored in the injection 
pressure storage table. 
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According to the present invention, therefore, the 
injection pressure waveform, which, in conjunction with 
the injection pressure modification command, 
constitutes the base of the modification, is assigned. 
5 For example, if the injection pressure modification 

command is inputted through the CRT/MDI 115, a message 
will be displayed on the CRT screen, suggesting to 
determine whether the injection pressure waveform as 
the base of the modification is the injection pressure 

10 waveform currently set in the injection pressure 

rage table, or the injection pressure waveform 

retained in the mold file, or the actual injection 
pressure waveform stored in the RAM 106. If the 
injection pressure waveform retained in the mold file 

15 is selected, a message requiring the input of the mold 

code will be displayed. If the operator assigns the 
injection pressure waveform as the base of the 
modification, the injection pressure waveform 
modification process will be started. 

20 Referring to the flow chart of Fig. 3, the 

injection pressure modification process will be 
described. First, the selected injection pressure 
waveform is invoked and displayed as a base injection 
pressure waveform on the CRT screen. More 

25 specifically, if the currently set injection pressure 

waveform is selected, the injection pressure waveform 
set in the injection pressure storage table is drawn. 
If the injection pressure waveform retained in the mold 
file is selected, the injection pressure waveform of 

30 the selected mold code is drawn. If the actual 

injection pressure waveform is selected, the injection 
pressure waveform stored in the RAM 106 is read and 
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drawn (Step Tl ) . Then, the drawn base injection 
pressure waveform is stored in the injection pressure 
storage table in the common RAM 102 (Step T2). The 
operator determines whether the portion to be modified 
5 should be changed into a straight line or into a 

circular arc. If the straight line is selected, the 
soft key 116a is operated; the cursor is then moved to 
the starting point on the injection pressure waveform 
to be changed into the straight line among the drawn 

10 injection pressure waveforms; the input keys are 

operated to input the starting point; and the end point 
is set on the injection pressure waveform in like 
manner. If the portion is to be modified by means of 
the circular arc, the soft key 116b is operated; the 

15 starting point and end point of the circular arc are 

set on the injection pressure waveform in like manner; 
and another point is further assigned between the 
starting and end points. 

On the other hand, the PMCCPU 111 determines 

20 whether or not a straight command, arcuate command, and 

end command have been inputted by the soft key 116a to 
116c (Steps T3 to T5) . If the straight command has 
been inputted, two points inputted at that time are 
connected (Step T6) , whereupon the program proceeds to 

25 Step T8 . If the arcuate command is inputted, three 

points inputted at that time are connected by means of 
a circular arc, whereupon the program proceeds to Step 
T8 . In Step T8 , a newly set injection pressure 
waveform is displayed in a changed section, and a set 

30 pressure corresponding to the changed section of the 

injection pressure storage table is updated on the 
basis of the newly drawn injection pressure waveform 
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a sj (Step T9) . In the present embodiment, the soft keys 

116a and 116b and the processes of Steps T3^%t^ T6 , T7 
and T8 constitute injection pressure waveform changing 
means, while the process of Step T9 constitutes 
5 injection pressure setting means. 

When the end command is inputted by means of the 
soft key 116c after the aforesaid processes of T3 , T4 
and T6 to T9 are repeatedly executed for changed 
sections, this injection pressure waveform modification 

10 process is finished. If the base injection pressure 

waveform corresponds to the full line extending from 
the point PI to the point P10, as shown in Fig. 4, for 
example, part of this injection pressure waveform can 
be modified into the waveform indicated by the broken 

15 line in the following manner. An arcuate command is 

inputted specifying the points P8 , P12 and Pll as the 
starting point, end point and intermediate point 
respectively, and further an arcuate command is 
inputted specifying the points P12, P14 and P13 as the 

20 starting point, end point and intermediate point 

respectively. By doing so, the injection pressure 
waveform can be modified into one represented by a line 
connecting the points PI to P8 , P10, P12, P13, P14 and 
P10. 

25 Then, trial injection is effected, and the 

aforesaid processes are repeatedly executed until the 
conforming molded article can be obtained. When the 
conforming molded article is obtained, a molding 
condition retention command is inputted. The PMCCPU 

30 111 loads the mold file of the common RAM 102 with the 

various molding conditions at that time and the 
injection pressure waveform stored in the injection 
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pressure storage table, along with the mold code. 

If the injection molding machine is set to a 
continuous molding mode and started after the molding 
conditions and injection pressure waveform for the 
5 conforming molded article are set, the PMCCPU 111 

sequentially controls the mold clamping stage, 
injection/dwell stage, metering stage, cooling stage, 
and mold opening stage in the same manner as in the 
conventional case. On the other hand, the NCCPU 109 

10 controls the individual stages in accordance with the 

NC programs stored in the common RAM 102 and the set 
molding conditions. When the injection/dwell stage is 
entered, the injection pressure feedback control shown 
in the flow chart of Fig. 2 is performed, so that 

15 injection/ dwell pressure is controlled to agree with 

the set injection pressure waveform. 

In the embodiment described above, the mold file 
is provided in the common RAM 102. If the common RAM 
102 has no capacity to spare , however, a disk 

20 controller may be connected to the OPC 113 so that the 

mold file is provided in a floppy disk by means of the 
disk controller. In this case, the aforesaid injection 
pressure waveform can be stored in the floppy disk. 

25 



30 



